J 



Europaisches Patentamt 
European Patent Office 
Office europ£en des brevets 



© Publication number: 



in in in 

0 668 662 A1 



© 



EUROPEAN PATENT APPLICATION 

published In accordance with Art. 
158(3) EPC 



© Application number: 94923066.8 

@ Date of filing: 04.08.94 

® International application number: 
PCT/JP94/01283 

© International publication number: 
WO 95/05037 (16.02.95 95/08) 



© int. ci. 8 : H04B 1/707 



© Priority: 06.08.93 JP 196023/93 
27.04.94 JP 90351/94 

© Date of publication of application: 
23.08.95 Bulletin 95/34 

© Designated Contracting States: 
DE FR GB IT SE 

© Applicant: NTT MOBILE COMMUNICATIONS 
NETWORK INC. 
10-1, Toranomon 2-chome 
Mlnato-ku, 
Tokyo 105 (JP) 

@ Inventor: ADACHI, Fumiyukl 
2-35-13, Takafunedal 
Kanazawa-ku 
Yokohama-shi 
Kanagawa 236 (JP) 
Inventor: SAWAHASHI, Mamoru 
5-42-188, Uraga-cho 
Yokosuka-shl 
Kanagawa 239 (JP) 
Inventor: HIGASHI, Aklhlro 



Hayashl-syataku 3-301 

2-1-3, Hayashl 

Yokosuka-shl 

Kanagawa 238-03 (JP) 

Inventor: OHNO, Kojl 

Tomloka-syataku 8-502 

9-2, Sugfta 

Isogo-ku 

Yokohama-shi 

Kanagawa 235 (JP) 

Inventor: DOHI, Tomohiro 

Tomloka-Daiichi-Dokushinryo A-408 

9-2-12, Sugita 

Isogo-ku 

Yokohama-shi 

Kanagawa 235 (JP) 

© Representative: Beresford, Keith Denis Lewis 
et al 

BERESFORD & Co. 
2-5 Warwick Court 
High Holborn 
London WC1R 5DJ (GB) 



CM 
CO 
CO 

00 
CO 
CO 



a. 

LU 



© RECEIVER AND REPEATER FOR SPREAD SPECTRUM COMMUNICATION. 



© A repeater for improving a RAKE receiving ef- 
fect. A signal received from a base station passes in 
parallel through a first path including a first delay 
element, and a second path not including a delay 
delement, and is sent to a mobile station. A signal 
received from the mobile station passes in parallel 
through a third path including a second delay ele- 
ment, and a fourth path not including a delay ele- 



ment, and is sent to the base station. The delay time 
for the delay elements is set to be longer than one 
chip time for a diffusion code. Consequently, a re- 
soluble multiple wave is generated forcibly in a 
RAKE receiver. In the RAKE receiver, the amplitude 
of a desired wave component alone is estimated with 
respect to each delay wave. With reference to this 
amplitude, the weighing of each delay wave compo- 



Rank Xerox (UK) Business Services 

<3. 10/3.09/3.3.4* 



EP 0 668 662 A1 



nent from a detector is done, and the weighed judgement, 
signals are synthesized and subjected to code 
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TECHNICAL FIELD 

The present invention relates to a receiver and 
a repeater for spread-spectrum communications 
which improve diversity characteristics. 

BACKGROUND ART 

Generally, the spread-spectrum communica- 
tions such as CDMA (Code Division Multiple Ac- 
cess) performs a plurality of modulations at a trans- 
mitting side, and corresponding demodulations at a 
receiving side, thereby communicating information 
symbols. More specifically, the transmitting side 
transmits information symbols after performing a 
primary modulation, such as PSK, of the informa- 
tion symbols, and then, spreading the primary 
modulation signal into a wideband frequency range 
by performing a secondary modulation using a 
spreading code such as a high-rate pseudo-random 
code. On the other hand, the receiving side per- 
forms despreading (secondary demodulation) using 
the same and synchronized spreading code with 
the transmitting side so that the wideband fre- 
quency received signal is inversely converted into 
the band of the information symbols, and then, 
carries out a primary demodulation corresponding 
to the primary modulation, thereby restoring the 
original information symbols. 

When such a spread-spectrum communication 
method is employed in mobile communications, a 
signal transmitted from a base station or a mobile 
station will reflect from obstacles such as buildings 
or the like on its propagation paths. Accordingly, 
the signal is received as a multipath signal whose 
component waves (delayed waves) arrive at dif- 
ferent times because individual delayed waves 
have different delay times on the propagation 
paths. If the variance of the delay times of the 
propagation paths is greater than one element 
length of a spreading code (one chip interval), 
fluctuations of the individual delayed wave compo- 
nents which are extracted at every chip interval can 
be handled as non-correlated quantity. In other 
words, the amplitude and phase of each delayed 
wave component can be considered to change 
independently. As a result, the average received 
level will be improved by combining the indepen- 
dent delayed wave components after making their 
phases coherent, or by selecting a delayed wave 
component whose amplitude is maximum. This 
idea is implemented as a well-known RAKE recep- 
tion, wherein improvement in transmission char- 
acteristics can be expected owing to the path di- 
versity receiving effect. 

Fig. 1 is a block diagram showing a conven- 
tional spread-spectrum communication receiver 
carrying out the path diversity reception (RAKE 



reception). In Fig. 1, the reference numerals 1-1 - 
1-N designate correlators. Each correlator 1-k (k = 
1 - N) receives a spread-spectrum signal 100, into 
which a pilot signal is inserted, and performs de- 

5 spreading of one of delayed waves using the same 
spreading code. Here, the pilot signal is a signal 
(called a sounder) measuring a transfer function of 
a propagation path. The output of the correlator 1-k 
is supplied to a detector 2-k which detects one of 

70 the delayed waves. The output of the detector 2-k 
is supplied to a weighting circuit 3-k and a power 
detector 4-k. The power detector 4-k detects power 
of the delayed wave, and makes it a coefficient of 
the weighting circuit 3-k. Respective weighted sig- 

75 nals are combined by a combining circuit 5. The 
combined signal is sent to a symbol decision cir- 
cuit 6 which decides the symbol. When the weigh- 
ting is performed using all the outputs of the power 
detectors 4-k, a maximal ratio combining is 

20 achieved, whereas when the detected signal of the 
maximum power is selected, a selection combining 
is achieved 

The conventional spread-spectrum communica- 
tion system has the following drawbacks. 
25 (1) In the above-mentioned arrangement which 
detects the respective delayed waves indepen- 
dently, the operation of the detectors will be- 
come unstable if the signal-to-noise power ratio 
(SNR) or the signal-to-interference power ratio 
30 (SIR) of the delayed waves is small. 

(2) In the spread-spectrum communications, 
since the SIR changes greatly for individual in- 
formation symbols, it is difficult to achieve an 
optimum combination even if weighting based 

35 on the received power is performed. Accord- 
ingly, only insufficient diversity effect can be 
obtained. 

(3) A cellular mobile communication system 
covers a wide service area by locating a plural- 

40 ity radio base stations. In the service area, how- 
ever, there are some areas as in tunnels where 
received signal strength is weak and commu- 
nication quality becomes low. It is impossible to 
communicate in such places. Although it may 

45 possible to provide these dead zones with new 
base stations, this is not economical because 
equipment and scale of a base station are large. 

(4) Although differences between delay times of 
propagation paths must be greater than one 

50 chip interval to divide a multipath wave into 
delayed waves, these differences are not always 
obtained in ail areas. For example, assuming 
that the bandwidth of the primary modulation is 
16 kHz, and the bandwidth of the second modu- 

55 lation using a spreading code is 128 times 
greater than that, that is 2048 kHz, the resolving 
power of the delay is about 0.5 micro-seconds. 
Accordingly, the multipath wave cannot be di- 
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vided into individual delayed waves when the 
delay time differences of the propagation paths 
are less than this value. As a result, fading will 
occur as in TDMA, and one of the distinctive 
features of the CDMA are lost. 

DISCLOSURE OF THE INVENTION 

Therefore, an object of the present invention is 
to provide a repeater for a spread-spectrum mobile 
communication system, which can improve the 
communication quality in dead zones and other 
areas while maintaining the distinctive features of 
the CDMA. 

Another object of the present invention is to 
provide a receiver for a spread-spectrum mobile 
communication system, which can achieve stable 
detecting characteristics and optimum weighting of 
individual delayed wave components. 

In a first aspect of the present invention, there 
is provided a repeater for repeating transmitted and 
received signals between a mobile station and a 
base station of a mobile communication system 
which performs spread spectrum communications, 
the repeater comprising: 

a first receiving antenna for receiving an elec- 
tric wave from the base station; 

a first delay circuit for providing a received 
signal supplied from the first receiving antenna with 
a predetermined amount of delay; 

a first transmitting antenna for radiating an out- 
put of the first delay circuit to the mobile station; 

a second receiving antenna for receiving an 
electric wave from the mobile station; 

a second delay circuit for providing a received 
signal supplied from the second receiving antenna 
with a predetermined amount of delay; and 

a second transmitting antenna for radiating an 
output of the second delay circuit to the base 
station, 

wherein a delay time of the first delay circuit 
and a delay time of the second delay circuit are set 
at one chip interval of a spreading code or more. 

Here, the repeater may further comprise: 

a first amplifier for amplifying the output of the 
first delay circuit, and for feeding it to the first 
transmitting antenna; and 

a second amplifier for amplifying the output of 
the second delay circuit, and for feeding it to the 
second transmitting antenna. 

The first receiving antenna and the second 
transmitting antenna may consist of one antenna, 
and this antenna is connected to an input terminal 
of the first delay circuit and an output terminal of 
the second amplifier via a first circulator which 
separates a received signal and a transmitted sig- 
nal, and the second receiving antenna and the first 
transmitting antenna consist of one antenna, and 



this antenna is connected to an input terminal of 
the second delay circuit and an output terminal of 
the first amplifier via a second circulator which 
separates a received signal and a transmitted sig- 
5 nal. 

The repeater may further comprise: 

a third receiving antenna for receiving an elec- 
tric wave from the base station; 

first combining means for combining a re- 
io ceived signal fed from the third receiving antenna 
with the output of the first delay circuit, and for 
supplying a combined signal to the first amplifier; 

a fourth receiving antenna for receiving an 
electric wave from the mobile station; and 
75 second combining means for combining a re- 
ceived signal fed from the fourth receiving antenna 
with the output of the second delay circuit, and for 
supplying a combined signal to the second am- 
plifier. 

20 The repeater may further comprise: 

a first amplifier for amplifying a received signal 
fed from the first receiving antenna, and for sup- 
plying an amplified signal to the first delay circuit; 
and 

25 a second amplifier for amplifying a received 

signal fed from the second receiving antenna, and 
for supplying an amplified signal to the second 
delay circuit. 

The first receiving antenna and the second 

30 transmitting antenna may consist of one antenna, 
and this antenna may be connected to an output 
terminal of the second delay circuit and an input 
terminal of the first amplifier via a first circulator 
which separates a received signal and a transmit- 

35 ted signal, and the second receiving antenna and 
the first transmitting antenna may consist of one 
antenna, and this antenna may be connected to an 
output terminal of the first delay circuit and an 
input terminal of the second amplifier via a second 

40 circulator which separates a received signal and a 
transmitted signal. 

The repeater may further comprise: 
a third transmitting antenna for radiating an 
output of the first amplifier to the mobile station; 

45 and 

a fourth transmitting antenna for radiating an 
output of the second amplifier to the base station. 

In a second aspect of the present invention, 
there is provided a spread-spectrum communica- 
50 tion receiver comprising: 

a plurality of correlators for despreading in- 
dividual delayed waves contained in a received 
spread-spectrum signal by using an identical 
spreading code; 
55 a plurality of detectors, each detects one of 

delayed wave components outputted from the cor- 
relators; 

a plurality of weighting circuits, each multiplies 
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an output of one of the detectors by a weighting 
coefficient; 

a combining circuit for combining outputs of 
the weighting circuits; 

a symbol decision circuit for making symbol 
decision of an output of the combining circuit; 

estimation means for estimating a transfer 
function of a propagation path associated with each 
of the delayed wave components on the basis of 
an output of the symbol decision circuit and out- 
puts of the correlators; and 

a weighting coefficient control circuit for es- 
timating an amplitude of a desired wave compo- 
nent of each of the delayed wave components on 
the basis of each of the transfer functions es- 
timated, and for generating the weighting coeffi- 
cients based on the amplitudes. 

Here, the estimation means may comprise: 

a plurality of multipliers, each of which mul- 
tiplies the output of the symbol decision circuit by 
one of the transfer functions estimated; 

a plurality of subtracters for obtaining differ- 
ences between the outputs of the correlators and 
outputs of the multipliers, respectively, and for pro- 
ducing the differences as estimated errors; and 

a calculation circuit for performing adaptive al- 
gorithm recursively estimating the transfer func- 
tions from the output of the symbol decision circuit 
and the estimated errors outputted from the sub- 
tracters. 

The weighting coefficient control circuit may 
obtain a square of an absolute value of each of the 
transfer functions estimated, and make the square 
the weighting coefficient associated with each one 
of the delayed wave components. 

The weighting coefficient control circuit may 
determine the weighting coefficients on the basis of 
a ratio between an amplitude of the desired wave 
component of each of the delayed wave compo- 
nents and corresponding one of the estimated er- 
rors. 

In a third aspect of the present invention, there 
is provided a spread-spectrum communication sys- 
tem having a repeater and a spread-spectrum com- 
munication receiver, the repeater repeating trans- 
mitted and received signals between a mobile sta- 
tion and a base station of a mobile communication 
system performing spread-spectrum communica- 
tions, and the spread-spectrum communication re- 
ceiver being provided in the mobile station and the 
base station to receive transmitted signal from the 
repeater, 

the repeater comprising: 

a first receiving antenna for receiving an elec- 
tric wave from the base station; 

a first delay circuit for providing a received 
signal supplied from the first receiving antenna with 
a predetermined amount of delay; 



a first transmitting antenna for radiating an out- 
put of the first delay circuit to the mobile station; 

a second receiving antenna for receiving an 
electric wave from the mobile station; 
5 a second delay circuit for providing a received 

signal supplied from the second receiving antenna 
with a predetermined amount of delay; and 

a second transmitting antenna for radiating an 
output of the second delay circuit to the base 
10 station, 

wherein a delay time of the first delay circuit 
and a delay time of the second delay circuit are set 
at one chip interval of a spreading code or more, 

and the spread spectrum communication re- 
75 ceiver comprising: 

a plurality of correlators for despreading in- 
dividual delayed waves contained in a received 
spread-spectrum signal by using an identical 
spreading code; 
20 a plurality of detectors, each detects one of 
delayed wave components outputted from the cor- 
relators; 

a plurality of weighting circuits, each multiplies 
an output of one of the detectors by a weighting 

25 coefficient; 

a combining circuit for combining outputs of 
the weighting circuits; 

a symbol decision circuit for making symbol 
decision of an output of the combining circuit; 

30 estimation means for estimating a transfer 
function of a propagation path associated with each 
of the delayed wave components on the basis of 
an output of the symbol decision circuit and out- 
puts of the correlators; and 

35 a weighting coefficient control circuit for es- 

timating an amplitude of a desired wave compo- 
nent of each of the delayed wave components on 
the basis of each of the transfer functions es- 
timated, and for generating the weighting coeffi- 

40 cients based on the amplitudes. 

According to the present invention, a delay 
difference greater than one chip interval is forcedly 
provided to a signal transmitted from the repeater. 
This makes it possible to produce good RAKE 

45 receiving effect, eliminate dead zones, and improve 
transmission quality in the area. 

Moreover, the receiver for the spread-spectrum 
communication, which performs the diversity com- 
bining (RAKE reception), carries out detection and 

50 weighting using the results of symbol decision of a 
signal obtained by the diversity combining. That is, 
the detection and weighting are carried out based 
on desired power or SIR estimated using the re- 
sults of the symbol decision. Consequently, the 

55 receiver in accordance with the present invention 
can obtain more stable detection results than the 
conventional technique which performs weighting 
on the basis of the received power, that is, the sum 
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of the desired wave and interference waves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an example of 
a conventional spread-spectrum communication 
receiver which performs path-diversity (RAKE) 
reception; 

Fig. 2 is a block diagram showing an embodi- 
ment of a spread-spectrum communication re- 
peater in accordance with the present invention; 
Figs. 3A and 3B are block diagrams showing 
other embodiments of a spread-spectrum com- 
munication repeater in accordance with the 
present invention; 

Fig. 4 is a block diagram showing an embodi- 
ment of a spread-spectrum communication re- 
ceiver adopting the RAKE receiving system in 
accordance with the present invention; and 
Fig. 5 is a block diagram showing a concrete 
arrangement from a detector to a symbol de- 
cision circuit of the embodiment of Fig. 4. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

Embodiments of the invention will now be de- 
scribed with reference to the accompanying draw- 
ings. 

EMBODIMENT 1 

Fig. 2 is a block diagram showing an embodi- 
ment of a mobile communication system in accor- 
dance with the present invention. 

In this figure, a base station 10 covers an area 
(radio zone) 9, and is carrying out CDMA commu- 
nications with mobile stations 16 and 17 in the area 
9. The base station 10 includes a transmitting- 
receiving antenna 11 and a radio unit 12, and is 
connected to a switching office 14 via parallel lines 
13. A repeater 20 in accordance with the present 
invention is located at a dead zone or a place 
where the transmission quality should be improved. 

The repeater 20 has antennas 21 and 22 for 
the base station, and antennas 28 and 29 for mo- 
bile stations. The antennas 21 and 28 are a trans- 
mitting-receiving antenna, and the antennas 22 and 
29 are a receiving antenna. The electric wave 
transmitted from the base station 10 at a carrier 
frequency f2 is received by the antennas 21 and 
22. A received wave S1 by the antenna 21 is 
supplied to a combiner 25 through a circulator 23 
for separating transmitted and received signals, 
and a delay circuit 24. The delay circuit 24 pro- 
vides the received wave S1 with a delay of more 
than the element length (one chip interval) of a 
spreading code sequence of the spread-spectrum 



communications, and supplies the delayed signal 
Sid to the combiner 25. On the other hand, the 
received wave S2 by the antenna 22 is directly 
supplied to the combiner 25, and is combined with 

5 the signal S1d. The combined signal is amplified 
by an amplifier 26, and is fed, as a signal S3, to 
the antenna 28 for mobile stations through a cir- 
culator 27 for separating transmitted and received 
signals, and is transmitted to the mobile stations. 

w Thus, the repeater 20 transmits the signal S3 pro- 
duced by combining the signal S1d delayed by the 
delay circuit 24 with the signal S2 having no delay. 

The electric wave radiated from the antenna 28 
of the repeater 20 is received by a transmitting- 

75 receiving antenna 31 of a mobile station 16. The 
antenna 31 also receives an electric wave radiated 
from the transmitting-receiving antenna 11 of the 
base station 10. Thus, the mobile station 16 re- 
ceives three signals: the delayed signal from the 

20 repeater 20; the non-delayed signal from the re- 
peater 20; and the signal directly transmitted from 
the base station 10. These signals are supplied to 
a radio unit 32 of the mobile station 16. The radio 
unit 32 performs secondary demodulation (de- 

25 spreading) of the signals using an assigned 
spreading code, and RAKE reception, followed by 
the primary demodulation, thereby obtaining the 
data transmitted from the base station 10 to the 
mobile station 16. 

30 On the other hand, data to be transmitted from 
the mobile station 16 is subject to the primary and 
secondary modulations in the radio unit 32, and is 
radiated from a transmitting-receiving antenna 31 
as an electric wave whose carrier frequency is f 1 . 

35 The electric wave is received by antennas 28 and 
29 of the repeater 20 for mobile stations. A wave 
S5 received by the antenna 28 is supplied to a 
combiner 36 through a circulator 27 for separating 
transmitted and received signals, and a delay cir- 

40 cuit 35. The delay circuit 35 provides the received 
signal S5 with a delay time more than the length of 
an element (a chip interval) of the spreading code 
sequence of the spread-spectrum communication, 
and supplies a delayed signal S5d to the combiner 

45 36. On the other hand, a wave S6 received by the 
antenna 29 is directly supplied to the combiner 36, 
and is combined with ihe signal S5d. A combined 
signal is amplified by an amplifier 37, fed to the 
antenna 21 for the base station through the cir- 

50 culator 23 for separating transmitted and received 
signals, and is radiated to the base station. Thus, 
the repeater 20 transmits to the base station 10 a 
combined signal S7 of the signal S5d delayed by 
the delay circuit 35 and the signal S6 including no 

55 delay. 

An electric wave radiated from the antenna 21 
of the repeater 20 is received by the transmitting- 
receiving antenna 11 of the base station 10. The 



6 



9 



EP 0 668 662 A1 



10 



antenna 11 receives the electric wave radiated by 
the transmitting-receiving antenna 31 of the mobile 
station 16, as well. In other words, the base station 
1 0 receives three signals: the signal delayed by the 
repeater 20, the signal not delayed by the repeater 
20, and the signal directly transmitted from the 
mobile station 16. These signals are supplied to 
the radio equipment 12 of the base station. The 
radio equipment 12 performs the secondary de- 
modulation (despreading) by taking correlation be- 
tween the received signals and an assigned 
spreading code, and RAKE reception of the de- 
spread signal, followed by the primary demodula- 
tion, thereby obtaining data transmitted from the 
mobile station 1 6 to the base station 1 0. 

Thus, setting the delay times of the delay 
circuits 24 and 35 at more than the chip interval of 
the spectrum spreading code makes it possible to 
produce sufficient RAKE reception effect from the 
signals transmitted through two or more signal 
paths. 

Although the repeater of the first embodiment 
employs two receiving antennas and one transmit- 
ting antenna for each of the base station and the 
mobile station, it is not restricted to this arrange- 
ment. For example, a combination of three or more 
receiving antennas and one or more transmitting 
antennas can also be used. The point is to provide 
the same received signal with a plurality of signal 
paths from the received antenna to the transmitting 
antenna, and to provide at least one of the signal 
paths with a delay time of more than the chip 
interval of the spreading code. 

Alternatively, one receiving antenna and two 
transmitting antennas may also be used, which is 
the reversal of the first embodiment. A second 
embodiment is a repeater having such a configura- 
tion. 

EMBODIMENT 2 

Fig. 3A is a block diagram showing the ar- 
rangement of a second embodiment. In Fig. 3A, 
antennas 21 and 22 are for a base station, and 
antennas 28 and 29 are for mobile stations. The 
antennas 21 and 28 are dedicated transmitting an- 
tennas, while the antennas 22 and 29 are transmit- 
ting-receiving antennas. A wave S1 received by the 
antenna 22 is supplied to the antenna 28 through a 
circulator 23 and an amplifier 26, and is radiated to 
mobile stations. The signal S1 outputted from the 
amplifier 26 is delayed by a delay circuit 24. A 
delayed signal Sid is fed to the antenna 29 
through a circulator 27, and is radiated to the 
mobile stations. Thus, the repeater 20 transmits the 
delayed signal S1d and the non-delayed signal S1 
to the mobile stations. The delay time of the delay 
circuit 24 is set at a value greater than one chip 



interval as in the first embodiment. 

On the other hand, a received wave S5 by the 
antenna 29 for mobile stations is supplied to the 
antenna 21 through a circulator 27 and an amplifier 

5 37, and is radiated to the base station. In addition, 
the received wave S5 outputted from the amplifier 
37 is delayed by the delay circuit 35. The delayed 
signal S5d is supplied to the antenna 22 through 
the circulator 23, and is radiated to the base station 

10 10. Thus, the repeater 20 transmits the delayed 
signal S5d and the non-delayed signal S5 to the 
base station 10. The delay time of the delay circuit 
35 is set at a value greater than the chip interval as 
in the first embodiment. 

rs When using the repeaters of the first or second 
embodiment for dead zones, they are placed at 
line-of-sight areas from which the dead zones can 
be unobstructedly viewed. The repeaters receive 
and amplify waves transmitted from the base sta- 

20 tion, and transmit them to the dead zones. The 
repeaters also receive and amplify waves transmit- 
ted from mobile stations in the dead zones, and 
transmit them to the base station. The repeaters 
include a plurality of signal paths between the 

25 receiving antenna and the transmitting antenna, for- 
cedly produce multipath waves using the delay 
circuits, and transmit them. Accordingly, the mul- 
tipath waves have time shifts by more than one 
chip interval and hence, they can be resolved and 

30 made phase coherent by the RAKE reception. 
Thus, the RAKE receiving effect in the mobile 
stations and the base station makes it possible to 
achieve high quality communications in the dead 
zones or in other areas. 

35 

EMBODIMENT 3 

The repeater 20 generates a pair of signals in 
the first and second embodiments: a delayed sig- 

40 nal and a non-delayed signal. However, considering 
that there are signals transmitted and received 
through a direct path between the base station 10 
and the mobile station 16 in areas other than dead 
zones, a receiving side can obtain the pair of 

45 signals even if the repeater 20 transmits only a 
delayed signal. Consequently, such a repeater lo- 
cated at a place other than dead zones can consid- 
erably improve the transmission characteristic. 
Fig. 3B is a block diagram showing such a 

so repeater. In Fig. 3B, an antenna 21 is for the base 
station, and an antenna 29 is for mobile stations. 
Each of the antennas 21 and 29 is a transmitting- 
receiving antenna. 

A wave S1 received by the antenna 21 for the 

55 base station is supplied to a delay circuit 24 
through a circulator 23. The delay circuit 24 pro- 
vides the signal S1 with a delay of one chip interval 
or more, and supplies the delayed signal to an 
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amplifier 26. The amplifier 26 amplifies the delayed 
signal S1d, and feeds it through a circulator 27 to 
the antenna 29 which radiates it to mobile stations. 

On the other hand, a wave S5 received by the 
antenna 29 for mobile stations is supplied to a 
delay circuit 35 through a circulator 27. The delay 
circuit 35 provides the signal S5 with a delay of 
one chip interval or more, and supplies it to an 
amplifier 37. The amplifier 37 amplifies the delayed 
signal S5d, and feeds it through the circulator 23 to 
the antenna 21 which radiates it to the base station. 

The repeater of this embodiment is used in 
areas other than dead zones. For example, it is 
used in such areas as voice signal communications 
can be sufficiently achieved, but improvement in bit 
error rates of data signals is required. 

In this case, a mobile station receives a wave 
directly transmitted from the base station, and the 
delayed wave radiated from the antenna 29 of the 
repeater, and carries out the secondary demodula- 
tion, the RAKE reception, and the primary de- 
modulation, thereby obtaining the desired data 
from the base station. On the other hand, the base 
station receives a wave directly transmitted from 
the mobile station, and the delayed wave radiated 
from the antenna 21, and performs the secondary 
demodulation, the RAKE reception, and the primary 
demodulation, thereby obtaining the data from the 
mobile station. This makes it possible to reduce the 
bit error rate of the data transmission. It is obvious 
that the repeaters of the first and second embodi- 
ments can also be used in such places. 

In mobile communications, there are substan- 
tial differences among the received levels of elec- 
tric waves transmitted from individual mobile sta- 
tions to the base station. This is due to large 
distance differences between the mobile stations 
and the base station, multipaths formed by reflec- 
tion from buildings, or the like. Accordingly, the 
base station must control the transmission power 
level of mobile stations in such a manner that the 
received levels from the mobile stations meet a 
reference level. When the repeater in accordance 
with the present invention is used, the signal re- 
ceived via the repeater and the signal received 
directly are automatically combined by the RAKE 
reception. This has an advantage that the installa- 
tion of repeaters can be achieved transparently to 
the base station and mobile stations. 

Next, a receiver that can achieve a satisfactory 
RAKE reception in connection with such a repeater 
will be described. 

EMBODIMENT 4 

Fig. 4 is a block diagram showing an embodi- 
ment of a spread-spectrum communication receiver 
in accordance with the present invention. Although 



the receiver adopts the RAKE receiving method as 
a conventional receiver as shown in Fig. 1 , it differs 
in the following points: 

(1) Instead of the detectors 2-k (k = 1 - N) t 
5 detectors 42-k are employed. 

(2) Instead of the power detectors 4-k, weighting 
coefficient control circuits 40-k are provided. 

(3) The output of the symbol decision circuit 6 is 
fed back to the detectors 42-k and weighting 

w coefficient control circuits 40-k, and is used as a 
reference of the detection and the weighting. 
In the receiver of Fig. 4, delayed waves i k 
outputted from correlators 1-k are supplied to the 
detectors 42-k to be detected, respectively. The 

rs outputs of the detectors 42-k are supplied to the 
weighting coefficient control circuits 40-k, which 
calculate weighting coefficients of delayed wave 
components, respectively. Specifically, each weigh- 
ting coefficient control circuit 40-k determines the 

20 weighting coefficient by comparing the symbol de- 
cision result with the output of the corresponding 
detector, and by detecting a desired signal compo- 
nent contained in the output of the detector, as will 
be described later. As a method for determining 

25 the weighting coefficients, weighting by the desired 
signal components, or weighting in accordance with 
SIR is used. The signals thus weighted by the 
weighting coefficients are combined by a combin- 
ing circuit 5, and the combined signal undergoes 

30 symbol decision by the symbol decision circuit 6. 

Fig. 5 is a circuit diagram showing a more 
specific arrangement from the detector 42 to the 
symbol decision circuit 6 of Fig. 4. In Fig. 5, 
reference numeral 43 (43-1 - 43-N) designates a 

35 circuit incorporating the detector 42 and the weigh- 
ting coefficient control circuit 40. Each element 43- 
k includes a substracter 51, multipliers 52 and 53, 
and a calculation circuit 54. The calculation circuit 
54 includes a memory circuit storing adaptive al- 

40 gorithm and a calculation circuit. 

Assuming that a transmitted signal whose am- 
plitude is 1 is represented as e**, and the transfer 
function of the propagation path is Z r , the received 
signal can be represented as Z r x e^. The transfer 

45 function Z r represents the phase shift and fluc- 
tuations of the amplitude due to fading. The pur- 
pose of the adaptive algorithm is to obtain such 
estimated transfer function Z k (k = 1 - N) that 
makes Z k = Z r . In other words, the purpose is to 

50 obtain Z k that will minimize the following estimated 
error. 

e k = (Z r -Z k )e» 

55 The procedure for estimating the optimum Z k suc- 
cessively on the basis of the decided value fed- 
back from the symbol decision circuit 6 and the 
estimated error e k will now be described. Details of 
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this method is explained, for example, in Simon 
Haykin, "Adaptive Filter Theory", Prentice Hall, 
1986 (ISBN 0-13-004052-5) pp. 381-385. 

(1) The multiplier 52 multiplies the input signal i 
= Z r x el* by 1/Z k . The result is e k = {ZJZ$&. 
If the estimation is correct, Z r = Z k holds, and 
the transmitted signal e 1 * is obtained. In prac- 
tice, however, the estimation includes error be- 
cause of noise or the like. 

(2) The weighting circuit 3-k, receiving the out- 
put of the multiplier 52, performs weighting us- 
ing the square of the absolute value of the 
estimated transfer function Z k , that is, jz k p, 
thereby carrying out the maximal ratio combin- 
ing diversity. 

(3) The combining circuit 5 sums up the outputs 
Z r Z k *eft of individual weighting circuits 3-k. 
Thus, the weighting combination which is a re- 
quirement of the maximal ratio combining diver- 
sity is achieved. 

(4) The symbol decision circuit 6 decides the 
symbol produced from the combining circuit 5. 
The result e* will be obtained if there is no bit 
error. 

(5) Each multiplier 53 produces an estimated 
received signal. Specifically, it multiplies the 
output of the symbol decision circuit 6 by the 
estimated transfer function Z k , and makes the 
product Z k x eft the estimated received signal. 

(6) Each subtracter 51 subtracts the estimated 
received signal Z k x e* from the input signal Z r 
x eft, thereby obtaining the estimated error ek. 

(7) The estimated transfer function Z k is updated 
such that the estimated error e k is further re- 
duced. This is performed using the adaptive 
algorithm in accordance with the recursive least 
square method (RLS), though other adaptive al- 
gorithm can be employed. 

(8) The same processing is repeated after re- 
turning to (1). 

Thus, the transfer function Z r of the propaga- 
tion path is estimated by the adaptive algorithm, 
and the estimated value Z k is obtained. The ratio of 
the detected output of a delayed wave to the 
symbol decision result increases with an increase 
of the desired wave component in the delayed 
wave. The estimated value Z k represents the ratio 
of the detected output of each delayed wave to the 
symbol decision result, which indicates the mag- 
nitude of the desired wave component contained in 
the delayed wave. Therefore, using the estimated 
value Z k makes it possible to measure SNR and 
SIR for each delayed wave. Since the present 
invention performs weighting using the estimated 
value Z k , more appropriate weighting can be 
achieved than the conventional weighting using the 
output power of the detector, thereby improving the 
characteristics of the RAKE reception. 



The embodiment employs the delay detection 
or synchronous detection, and hence, the first re- 
ceived information symbol cannot be decoded be- 
cause of phase uncertainty. However, in the delay 

5 detection, since a preamble which is a known in- 
formation symbol is normally sent, the preamble 
symbols may be fed back to the detector 42 as the 
decision results. On the other hand, in the synchro- 
nous detection, a known pilot signal can be used 

w which is inserted to obtain the absolute phase of 
the received signal, and whose length is one sym- 
bol interval or more. Thus, the decision results of 
the symbols of the pilot signal is fed back to the 
detector 42. 

75 Although this embodiment carries out weighting 
by the power of the estimated desired wave by 
providing the weighting circuit 3-i with the square 
jz k j 2 of the absolute value of the estimated transfer 
function Z k from the calculation circuit 54, the 

20 weighting is not restricted to this method. For ex- 
ample, using the value jz k | 2 /je k p which is obtained 
by dividing the square |z k p of the absolute value of 
the estimated transfer function Z k by the square 
|e k j 2 of the absolute value of the estimated error e k 

25 enables to weight by SIR. 

Furthermore, combining the receiver with the 
repeater in accordance with the present invention 
makes it possible to achieve high quality commu- 
nications between a base station and a mobile 

30 station in a dead zone. 

Claims 

1. A repeater for repeating transmitted and re- 
35 ceived signals between a mobile station and a 

base station of a mobile communication sys- 
tem which performs spread spectrum commu- 
nications, said repeater characterized by com- 
prising: 

40 a first receiving antenna for receiving an 

electric wave from said base station; 

a first delay circuit for providing a received 
signal supplied from said first receiving an- 
tenna with a predetermined amount of delay; 

45 a first transmitting antenna for radiating an 

output of said first delay circuit to said mobile 
station; 

a second receiving antenna for receiving 
an electric wave from said mobile station; 
so a second delay circuit for providing a re- 

ceived signal supplied from said second re- 
ceiving antenna with a predetermined amount 
of delay; and 

a second transmitting antenna for radiating 
55 an output of said second delay circuit to said 

base station, 

wherein a delay time of said first delay 
circuit and a delay time of said second delay 
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circuit are set at one chip interval of a spread- 
ing code or more. 

2. The repeater as claimed in claim 1, further 
characterized by comprising: 

a first amplifier for amplifying the output of 
said first delay circuit, and for feeding it to said 
first transmitting antenna; and 

a second amplifier for amplifying the out- 
put of said second delay circuit, and for feed- 
ing it to said second transmitting antenna. 

3. The repeater as claimed in claim 2, character- 
ized in that said first receiving antenna and 
said second transmitting antenna consist of 
one antenna, and this antenna is connected to 
an input terminal of said first delay circuit and 
an output terminal of said second amplifier via 
a first circulator which separates a received 
signal and a transmitted signal, and said sec- 
ond receiving antenna and said first transmit- 
ting antenna consist of one antenna, and this 
antenna is connected to an input terminal of 
said second delay circuit and an output termi- 
nal of said first amplifier via a second circulator 
which separates a received signal and a trans- 
mitted signal. 

4. The repeater as claimed in claim 3, further 
characterized by comprising: 

a third receiving antenna for receiving an 
electric wave from said base station; 

first combining means for combining a re- 
ceived signal fed from said third receiving an- 
tenna with the output of said first delay circuit, 
and for supplying a combined signal to said 
first amplifier; 

a fourth receiving antenna for receiving an 
electric wave from said mobile station; and 

second combining means for combining a 
received signal fed from said fourth receiving 
antenna with the output of said second delay 
circuit, and for supplying a combined signal to 
said second amplifier. 

5. The repeater as claimed in claim 1, further 
characterized by comprising: 

a first amplifier for amplifying a received 
signal fed from said first receiving antenna, 
and for supplying an amplified signal to said 
first delay circuit; and 

a second amplifier for amplifying a re- 
ceived signal fed from said second receiving 
antenna, and for supplying an amplified signal 
to said second delay circuit. 

6. The repeater as claimed in claim 5, character- 
ized in that said first receiving antenna and 



said second transmitting antenna consist of 
one antenna, and this antenna is connected to 
an output terminal of said second delay circuit 
and an input terminal of said first amplifier via 

5 a first circulator which separates a received 

signal and a transmitted signal, and said sec- 
ond receiving antenna and said first transmit- 
ting antenna consist of one antenna, and this 
antenna is connected to an output terminal of 

w said first delay circuit and an input terminal of 

said second amplifier via a second circulator 
which separates a received signal and a trans- 
mitted signal. 

75 7. The repeater as claimed in claim 6, further 
characterized by comprising: 

a third transmitting antenna for radiating an 
output of said first amplifier to said mobile 
station; and 

20 a fourth transmitting antenna for radiating 

an output of said second amplifier to said base 
station. 

8. A spread-spectrum communication receiver 
25 characterized by comprising: 

a plurality of correlators for despreading 
individual delayed waves contained in a re- 
ceived spread-spectrum signal by using an 
identical spreading code; 
30 a plurality of detectors, each detects one 

of delayed wave components outputted from 
said correlators; 

a plurality of weighting circuits, each mul- 
tiplies an output of one of said detectors by a 
35 weighting coefficient; 

a combining circuit for combining outputs 
of said weighting circuits; 

a symbol decision circuit for making sym- 
bol decision of an output of said combining 
40 circuit; 

estimation means for estimating a transfer 
function of a propagation path associated with 
each of said delayed wave components on the 
basis of an output of said symbol decision 
45 circuit and outputs of said correlators; and 

a weighting coefficient control circuit for 
estimating an amplitude of a desired wave 
component of each of said delayed wave com- 
ponents on the basis of each of said transfer 
so functions estimated, and for generating said 

weighting coefficients based on said ampli- 
tudes. 

9. The spread-spectrum communication receiver 
55 as claimed in claim 8, characterized in that 

said estimation means comprises: 

a plurality of multipliers, each of which 
multiplies the output of said symbol decision 
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circuit by one of said transfer functions es- 
timated; 

a plurality of subtracters for obtaining dif- 
ferences between the outputs of said correla- 
tors and outputs of said multipliers, respec- 
tively, and for producing said differences as 
estimated errors; and 

a calculation circuit for performing adaptive 
algorithm recursively estimating said transfer 
functions from the output of said symbol de- 
cision circuit and said estimated errors output- 
ted from said subtracters. 

10. The spread-spectrum communication receiver 
as claimed in claim 9, characterized in that 
said weighting coefficient control circuit obtains 
a square of an absolute value of each of said 
transfer functions estimated, and makes said 
square said weighting coefficient associated 
with each one of said delayed wave compo- 
nents. 

11. The spread-spectrum communication receiver 
as claimed in claim 9, characterized in that 
said weighting coefficient control circuit deter- 
mines said weighting coefficients on the basis 
of a ratio between an amplitude of the desired 
wave component of each of said delayed wave 
components and corresponding one of said 
estimated errors. 

12. A spread-spectrum communication system 
having a repeater and a spread-spectrum com- 
munication receiver, said repeater repeating 
transmitted and received signals between a 
mobile station and a base station of a mobile 
communication system performing spread- 
spectrum communications, and said spread- 
spectrum communication receiver being pro- 
vided in said mobile station and said base 
station to receive transmitted signal from said 
repeater, 

said repeater characterized by comprising: 

a first receiving antenna for receiving an 
electric wave from said base station; 

a first delay circuit for providing a received 
signal supplied from said first receiving an- 
tenna with a predetermined amount of delay; 

a first transmitting antenna for radiating an 
output of said first delay circuit to said mobile 
station; 

a second receiving antenna for receiving 
an electric wave from said mobile station; 

a second delay circuit for providing a re- 
ceived signal supplied from said second re- 
ceiving antenna with a predetermined amount 
of delay; and 

a second transmitting antenna for radiating 



an output of said second delay circuit to said 
base station, 

wherein a delay time of said first delay 
circuit and a delay time of said second delay 
5 circuit are set at one chip interval of a spread- 

ing code or more, 

and said spread spectrum communication 
receiver characterized by comprising: 

a plurality of correlators for despreading 
10 individual delayed waves contained in a re- 
ceived spread-spectrum signal by using an 
identical spreading code; 

a plurality of detectors, each detects one 
of delayed wave components outputted from 
75 said correlators; 

a plurality of weighting circuits, each mul- 
tiplies an output of one of said detectors by a 
weighting coefficient; 

a combining circuit for combining outputs 
20 of said weighting circuits; 

a symbol decision circuit for making sym- 
bol decision of an output of said combining 
circuit; 

estimation means for estimating a transfer 
25 function of a propagation path associated with 

each of said delayed wave components on the 
basis of an output of said symbol decision 
circuit and outputs of said correlators; and 
a weighting coefficient control circuit for 
30 estimating an amplitude of a desired wave 

component of each of said delayed wave com- 
ponents on the basis of each of said transfer 
functions estimated, and for generating said 
weighting coefficients based on said ampli- 
35 tudes. 

13. The spread-spectrum communication system 
as claimed in claim 12, further characterized 
by comprising: 

40 a first amplifier for amplifying the output of 

said first delay circuit, and for feeding it to said 
first transmitting antenna; and 

a second amplifier for amplifying the out- 
put of said second delay circuit, and for feed- 

45 ing it to said second transmitting antenna. 

14. The spread-spectrum communication system 
as claimed in claim 13, characterized in that 
said first receiving antenna and said second 

so transmitting antenna consist of one antenna, 

and this antenna is connected to an input 
terminal of said first delay circuit and an output 
terminal of said second amplifier via a first 
circulator which separates a received signal 

55 and a transmitted signal, and said second re- 

ceiving antenna and said first transmitting an- 
tenna consist of one antenna, and this antenna 
is connected to an input terminal of said sec- 
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ond delay circuit and an output terminal of said 
first amplifier via a second circulator which 
separates a received signal and a transmitted 
signal. 

15. The spread-spectrum communication system 
as claimed in claim 14, further characterized 
by comprising: 

a third receiving antenna for receiving an 
electric wave from said base station; 

first combining means for combining a re- 
ceived signal fed from said third receiving an- 
tenna with the output of said first delay circuit, 
and for supplying a combined signal to said 
first amplifier; 

a fourth receiving antenna for receiving an 
electric wave from said mobile station; and 

second combining means for combining a 
received signal fed from said fourth receiving 
antenna with the output of said second delay 
circuit, and for supplying a combined signal to 
said second amplifier. 

16. The spread-spectrum communication system 
as claimed in claim 12, further characterized 
by comprising: 

a first amplifier for amplifying a received 
signal fed from said first receiving antenna, 
and for supplying an amplified signal to said 
first delay circuit; and 

a second amplifier for amplifying a re- 
ceived signal fed from said second receiving 
antenna, and for supplying an amplified signal 
to said second delay circuit. 

17. The spread-spectrum communication system 
as claimed in claim 16, characterized in that 
said first receiving antenna and said second 
transmitting antenna consist of one antenna, 
and this antenna is connected to an output 
terminal of said second delay circuit and an 
input terminal of said first amplifier via a first 
circulator which separates a received signal 
and a transmitted signal, and said second re- 
ceiving antenna and said first transmitting an- 
tenna consist of one antenna, and this antenna 
is connected to an output terminal of said first 
delay circuit and an input terminal of said 
second amplifier via a second circulator which 
separates a received signal and a transmitted 
signal. 



a fourth transmitting antenna for radiating 
an output of said second amplifier to said base 
station. 

5 19. The spread-spectrum communication system 
as claimed in claim 12, characterized in that 
said estimation means comprises: 

a plurality of multipliers, each of which 
multiplies the output of said symbol decision 

w circuit by one of said transfer functions es- 

timated; 

a plurality of subtracters for obtaining dif- 
ferences between the outputs of said correla- 
tors and outputs of said multipliers, respec- 

75 tively, and for producing said differences as 
estimated errors; and 

a calculation circuit for performing adaptive 
algorithm recursively estimating said transfer 
functions from the output of said symbol de- 

20 cision circuit and said estimated errors output- 

ted from said subtracters. 

20. The spread-spectrum communication system 
as claimed in claim 19, characterized in that 

25 said weighting coefficient control circuit obtains 

a square of an absolute value of each of said 
transfer functions estimated, and makes said 
square said weighting coefficient associated 
with each one of said delayed wave compo- 

30 nents. 

21. The spread-spectrum communication system 
as claimed in claim 19, characterized in that 
said weighting coefficient control circuit deter- 

35 mines said weighting coefficients on the basis 

of a ratio between an amplitude of the desired 
wave component of each of said delayed wave 
components and corresponding one of said 
estimated errors. 

40 



45 



50 



18. The spread-spectrum communication system 
as claimed in claim 17, further characterized 
by comprising: 55 

a third transmitting antenna for radiating an 
output of said first amplifier to said mobile 
station; and 
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